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FINAL 
HYDRAULICS REPORT 

RIVER STYX BRIDGE REPLACEMENT 
APALACHICOLA NATIONAL FOREST 

LIBERTY COUNTY, FLORIDA 
 
INTRODUCTION 
 
This report presents the results of the hydrologic and final hydraulic analyses performed 
for two bridges located on Forest Development Road (FDR) 115, Apalachicola National 
Forest, and Liberty County, Florida.  The analyses were performed to identify bridge 
replacement alternatives. 
 
BACKGROUND 
 
The existing two bridges are located at mileposts 2.3 (bridge #1) and 2.5 (bridge #2) 
approximately 9 miles northwest of Sumatra, Florida.  A map showing the location is 
included in Figure 1.  Photos of each bridge are included in Figure 2 and 3. 
 

 
Figure 1:  Location map showing two existing bridges. 
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Figure 2:  Bridge #1 
 

 
Figure 3:  Bridge #2 
 
Both bridges are 70 year old timber structures, each having a 46 ft span, supported by 
timber pile walls, timber abutment walls and wingwalls.  The integrity of both structures 
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has deteriorated to the point that neither structure can safely support design loads.  Given 
the age of these structures, the Forest Service has designated them as having historic 
value and desires to construct two new structures while leaving both structures in place.   
The new drainage structures will be located immediately north of the existing bridges on 
a realignment segment of road. 
 
These bridges are not located on identifiable drainageways, but rather serve to pass 
overbank flood flows from the River Styx and the Apalachicola River.  The topography is 
depressed at the bridge locations, but there is not a well-defined channel upstream or 
downstream of either bridge.  The FDR 115 road profile in the vicinity of the bridges is 
close to the adjacent ground elevations, but the bridge decks are several feet above the 
road profile.  During large storm events, flows pass under the bridges and overtop the 
roadway.  According to the Forest Service road maintenance staff, the roadway is 
inundated for extended periods annually.     
 
Both bridges are located along the eastern fringe of the Apalachicola River FEMA 
floodplain.  A copy of the FEMA Flood Insurance Rate Map (FIRM) showing the 
locations of the bridges relative to the floodplain delineation is included in Appendix A.  
Based on the FEMA floodplain Base Floodplain Elevations (BFEs), the roadway and 
bridges are inundated by several feet of water during a 100-year event.  The bridge deck 
elevations are 24.82 feet and 24.66 feet, while the of FEMA 100-year BFE is 
approximately 28.0 feet. 
 
The purpose of this study is to support the bridge replacement alternatives and final 
design of a selected alternative.  Since the local drainages determined at both crossings 
are very minor, the hydraulic analysis focuses solely on the Apalachicola River overbank 
flows.  Given that the project is located within a FEMA 100-year floodplain with no 
designated floodway, it is our responsibility to demonstrate that the proposed 
improvements will not impact the FEMA floodplain.  Although significant modifications 
(road grade changes) may be permitted within the flood fringe, this would require 
extensive revisions to the Apalachicola FEMA floodplain model, detailed analysis and 
delineation of the floodway, and FEMA approval, which will add significant delays to the 
project.  To avoid these delays, we recommend that hydraulic impacts be avoided by 
maintaining the existing road profile and hydraulic conditions in the vicinity of the 
bridges.   
 
HYDROLOGIC ANALYSIS       
 
Since the bridges are located within the FEMA floodplain, both local drainage as well as 
overbank flood flows from the Apalachicola must be evaluated.  As note above, the local 
drainage is neglible, but the results of the analysis are presented in the following. 
 
Local Drainage 

 
Design peak discharges for local drainages that are tributary to the two bridge 
crossings were estimated using the methods outlined in “Magnitude and 
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Frequency of Floods in Florida January 2004”.  The drainage areas were 
delineated from the USGS Kennedy Creek, Florida quadrangle map, using the 
Watershed Modeling System, (WMS) version 8.0 to delineate the drainage basin 
for the two existing bridges.  The basin delineations are shown in Appendix B.  
The peak runoff for each drainage was estimated using the Rational Equation.  
 
Rational Equation: 
The equation is expressed as: 
 
Q = CIA 
 
Where: Q = Peak Flow Rates (cfs) 
             C = Runoff Coefficient 
             I = Rainfall Intensity (in/hr).  The rainfall intensity is determined from                                     
the appropriate Intensity-Duration-Frequency (IDF) curve based on the time of   
concentration and the storm frequency. 
             A = Area (acres) 
             C = 0.45 for light underbrush area 
IDF curve was developed by “Drainage Design for the Roadway Designer”, May 
31, 2006. 
 
The estimated peak discharges for each watershed are listed in Table 1: 
 
 Table 1:  Peak Discharges Summary  
 

Bridge 
Number 

Drainage Area 
(acres) 

Q50  (cfs) Q100 (cfs) 

#1 MP 2.5 9.81 35 37 
#2 MP 2.3 4.89 17 19 

 
Apalachicola River Drainage 

 
The peak discharges shown in Table 2 are estimated in the FEMA Flood Insurance Study 
(FIS) (July 16, 1991): 

 
 
Table 2:  Summary of Apalachicola River flows (FEMA 1991) 
 
Flooding 
Source 

Drainage 
Area (mi2) 

Q2 (cfs) Q10 (cfs) Q50 (cfs) Q100 (cfs) Q500 (cfs) 

Apalachicola 
River 

19,200 105,000 169,000 230,000 257,000 322,000 

River Styx 2.2  250 400 500 650 
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HYDRAULIC ANALYSIS 
 
The hydraulic analysis was initiated by obtaining the current effective FEMA hydraulic 
model for the Apalachicola River.  A portion of the FEMA model, representing the river 
reaches immediately up and downstream of the FDR 115 bridges, was extracted for use 
in this project to evaluate bridge replacement alternatives and associated hydraulic 
impacts.  Since the FEMA model is a fairly coarse, representation of the entire 
Apalachicola River, several cross sections were added to represent the profile of FDR 
115 and the existing bridges.  These cross sections were generated by interpolating 
between adjacent FEMA cross sections and supplementing the cross section data 
collected by EFLHD with recent survey data in the vicinity of the bridges. 
 
For most major waterways, both the 100-year floodplain and floodway are typically 
defined and regulated by FEMA.  However, for the Apalachicola, only the floodplain has 
been identified at this time.  The floodway delineates the maximum limit that the 
floodplain can be encroached upon without compromising the conveyance of flood flows.  
Development (fill and other obstructions) is usually permitted in the margins between the 
floodway and floodplain limits (flood fringe) and is allowed to cause up to a 1.0 ft rise in 
the river during a 100-year event.   However, since a floodway has not been defined by 
FEMA, our options are to either evaluate and delineate the floodway or prove that our 
proposed improvements will not have adverse hydraulic impacts.  Since the floodway 
delineation would require extensive hydraulic analysis and review by FEMA, causing 
significant delays and expense to the project, the hydraulics team proceeded with the 
assumption that it is in the best interest of the project to identify alternatives that will 
create no adverse hydraulic impacts (i.e., no rise in upstream water surface).  
 
To evaluate the impacts proposed project improvements relative to the FEMA hydraulic 
model and it’s geometric representation of the river and its floodplain, the following 
modeling steps were necessary.  All hydraulic modeling was conducted using the HEC-
RAS Model, version 3.13. 
 

1) Duplicate Effective Model.  This model duplicates the information 
presented in the current effective FIS and is based on information 
obtained from FEMA.  This model essentially demonstrates that we are 
obtaining the same model results as summarized in the FIS.  However, 
the original results are difficult to replicate exactly since the FEMA 
model is based in the outdated HEC-2 model, which has been replaced 
by HEC-RAS. 

2) Corrected Effective Model.   The corrected effective model incorporates 
any model corrections and additional cross sections that are needed to 
represent locations of project features and proposed improvements. 

3) Existing Condition Model.  Once a satisfactory Corrected Effective 
model is developed, an existing conditions model is developed to reflect 
new topography and site conditions.  This model serves as the baseline 
for evaluation of project improvement impacts. 

4) Proposed Condition Model.  A new proposed condition model is 
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developed for each improvement alternative.  Results are compared to 
the existing conditions model to assess hydraulic impacts.  This model is 
the source of data bridge design and scour calculations summarized in 
this report. 

   
Since the current bridges and roadway profile are not represented in the FEMA hydraulic 
model, additional cross sections were added in HEC-RAS by interpolating between the 
existing adjacent cross sections.  Cross sections were interpolated such that sections were 
located on either side of the road (upstream and downstream of each bridge).  The top of 
road and bridge deck profile was then added in the HEC-RAS deck/roadway editor to 
represent the overtopping profile.  A map showing the FEMA HEC-2 cross sections that 
were used to develop the HEC-RAS model is included in Appendix A. 
 
The study limits for this project were selected to ensure that the hydraulic effects of the 
proposed bridges could be adequately evaluated.   Data from the existing FIRM were 
digitized (river alignment and cross sections locations), geo-referenced to current aerial 
photographs and new topographic mapping, and subsequently exported to the HEC-RAS 
model.  Except for the new topographic data in the vicinity of the bridges, the HEC-RAS 
model is based on cross section data supplied by FEMA.  
 
Current topographic mapping and field survey data were used to develop the bridge 
layouts and supplement the FEMA cross section data in the vicinity of the bridges.  The 
model was used to determine hydraulic design parameters required for the bridge 
structure selection and design.  In addition, scour and erosion prediction calculations 
were performed to determine the need for bank protection. 
 
FHWA criteria for bridges in FEMA floodplains state that two feet of freeboard must  be 
provided below the bridge low chord elevation for the 50-year design flow, and one foot 
of freeboard for the 100-year flow (Section 7.4.3.4 of the FLH Project Development and 
Design Manual (January 2006).  Similarly, Florida DOT drainage criterion requires two 
foot of freeboard for the 100-year storm.  However, since these bridges are secondary 
structures, not located on the main waterway, the free board criteria do not apply.  The 
effect of raising the bridges and adjacent road profiles to meet these criteria levels would 
block a significant portion of the overbank flow causing significant hydraulic impacts.  
Furthermore, since much of the adjoining road is inundated during annual high flow 
events, raising isolated segments of the roadway is not cost effective.  
 
 
Methodology: 
 
Water surface profiles were computed using the U. S. Army Corp of Engineers “HEC-
RAS River Analysis System” (Version 3.13) computer program.  HEC-RAS 
computations for calculating water surface profiles for gradually varied flow are based on 
the solution of the one-dimensional energy equation.  All boundary condition flow 
regimes and energy loss coefficients were consistent with the FIS.  Areas of ineffective 
flow were modified as needed to reflect actual conditions.  Coefficients of expansion and 
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contraction of the existing and new bridges were adjusted based on standard practice.  
The new bridges are proposed upstream of the existing bridges due to horizontal and 
vertical roadway alignment considerations. 
 
The computation of scour at bridges within HEC-RAS is based upon the methods 
outlined in Hydraulic Engineering Circular No. 18 “Evaluating Scour at Bridges”.  
Publication No. FHWA NHI 01-001 May 2001. 
 
Manning’s Values: 
 
The Manning “n” values were determined from the existing FIS.  The values ranged from 
0.03 to 0.135.  These values appeared to be relatively low in some locations especially 
where thick stands of trees had matured in the stream channel.  For the final HEC-RAS 
model, the channel values were increased slightly from 0.03 to 0.04 in the vicinity of the 
new bridge. 
 
For the downstream boundary condition, known water surface elevations from the 
existing FIS were used (cross section # 12).  FIS model results used for the boundary 
conditions are included in Appendix A.  Model flows included the 10-yr, 50-year,  
100-yr, and the 500-yr, based on the flow data presented in the FIS. 
 
Summary of Hydraulic Analysis: 
 
Three alternatives were taken into consideration.  Selection of a recommended alternative 
will be based on factors such as available space, cost to construction, ease of 
maintenance, and ability to eliminate deep foundations.  The three alternative crossing 
structures that were considered at each bridge replacement site include: 1) 46’ Con/Span, 
2) Double 16’ x 8’ concrete box culverts, and 3) 48” reinforced concrete pipe (RCP). The 
results of the HEC-RAS modeling for all three scenarios evaluated are included in Table 
3. 
 
The duplicate effective model compares reasonably well with the water surface 
elevations published in the FEMA.  This demonstrates that the project base line hydraulic 
model compares closely with the FEMA hydraulic model.  The minor differences are due 
to the updates/improvements from the HEC-2 model used in the original FEMA analysis 
to the current HEC-RAS model. 
 
For the existing conditions scenario, the water surface elevation upstream of the bridge is 
increased slightly due to the addition of new cross sections that reflects existing road 
profile and bridges that were not included in the FEMA model. 
  
The result of the alternative analysis demonstrates that the upstream water surface 
elevations are not dependent on the type of structure during flood flows.  The capacity of 
the structures is insignificant when compared to the total flood flow in the Apalachicola 
River. 
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The results of the HEC-RAS model for all the scenarios evaluated is include in Table 3. 
 
Table 3:  Summary of 100-Year Water Surface Elevations (ft-NGVD 29) 
Cross 
Section 

FIS WSEL HEC-2 
Duplicate 
Effective 
Model 

Existing 
Conditions 
RAS model 

Proposed 
Conditions 
RAS model 

20 30.60 30.86 31.07 31.08 
19 28.58 28.64 28.92 29.08 
18.779     
18 26.57 26.68 27.23 27.23 
17 25.68 25.83 26.32 26.32 
16 24.63 24.77 25.22 25.22 
15 23.29 23.28 23.65 23.65 
14 22.81 22.82 23.18 23.18 
13 21.43 21.43 21.63 21.63 
12 20.14 20.14 20.14 20.14 
 
Floodplain Impacts: 
 
FDR 115 is located between Cross Sections 18 and 19 on the Apalachicola River.   
The results of hydraulic analysis indicate that the current 46 ft wide bridge openings are 
larger than what is needed to convey local drainage as well as flood flows from the 
Apalachicola River.  In fact, modeling of various alternatives showed that replacing the 
existing bridges with triple 12’x 8’ box culverts would have no impact on the FEMA 
100-year water surface elevation. 
 
Recommended alternative #2 based on discussion with project team and NFS staff. 
 
Scour Evaluations: 
 
The proposed CON/SPAN and the roadway include a current 100-year floodplain and 
velocity less than 1.00 ft/s.  Therefore, no scour evaluation is required for this project. 
 
 
 
 
 
Proposed Bridge Design Requirements 

 
1. Design Constraints 
 
Design constraints include the need to match vertical grades at FR 115, the 
horizontal alignment mandated by the needs of the connector roadway, the 
environmental permit issue mandating that the bridge span the jurisdictional 
private lands areas, and the existing FEMA regulatory floodplain and floodway.   
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2. New Box Culverts Design Parameters 
 
The proposed new triple 12’ x 8’ concrete box at each crossing will be 16-foot 
long precast sections with concrete headwalls and wingwalls.  The new culverts 
shall be embedded into the ground approximately one foot to provide natural 
material with bottom of this structure. 
 
          Table 4:  Summary of Design Recommendation 

Structure Type BOX CULVERTS 
Culvert Span 12 feet 
Skew O degree 
Mean 100-year Channel 
Velocity 

0.16 ft/s 

Q100  (FEMA) 257,000.00 cfs 
100-year WSEL 29.88 

 
SUMMARY AND RECOMMENDATIONS 
 
The proposed replacement of the River Styx Bridges is not requires realignment of the 
existing roadway.  The drainage recommendations within this report and as showned in 
the design plans will improvement drainage conditions along the roadway.  The design of 
these proposed improvements has been refined during the final design phase and is 
reflected in the final plans and hydraulics report.  The bridge waterway is designed in 
compliance with the provision of 23 CFR 650 Subpart A, Bridges, Structures, and 
Hydraulics.   The 100-year recurrence interval discharge water surfaces are given in 
Table 3. 
 
The following list below is a summary of the hydraulic analysis and recommendations for 
the River Styx Bridges replacement. 
 
Based on the results of the hydraulic analysis and above discussion, the project team 
reviewed various alternatives and identified the following three options:   
 

1) Alternative #1 – Install a 42’ CON/SPAN precast modular concrete bridge just 
upstream of each existing bridge location.    Maintain the existing road profile of 
the existing bridges.  The ground elevations through the culvert would be 
excavated to elevations similar to the existing bridge crossings. 

 
2) Alternative #2 – Install multiple barrel box culverts at each bridge location to 

replace the existing bridge opening of 46’.  It is recommended that a triple 12’x8’ 
Reinforced Concrete Box (RBC) to replace bridge #1 and a triple 12’x8’ (RCB) to 
replace bridge #2.  Headwalls and wingwalls are required.  The culverts will have 
depths and velocities comparable to the natural stream embedment of two feet to 
provide a natural invert.  Precast box culverts are available in spans up to 26’.  
Maintain the existing road profile along an alignment as the same location of the 
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existing bridges. 
 

3) Alternative #3 – Install a single concrete culvert at each bridge site.  Use a 4’ 
Corrugated Metal Pipe (CMP) to replace bridge #1 and a 48” (CMP) to replace 
bridge #2.    Reduce the road profile by flattening the vertical curves to create a 
more uniform profile.    The lower roadway profile will improve sight distance. 

 
Assuming that the existing bridges will remain in place for historic preservation, 
Alternative #1 and #2 will provide openings that are more consistent with the existing 
bridge which will be more aesthetically pleasing.  Alternative #1 would require a 
significant foundation, while Alternative #2 would not.  Alternative #3 is certainly 
feasible from a hydraulic standpoint, but may not ‘fit-in’ with the aesthetics of the 
existing structure, consequently Alternative #2 is recommended. 
 
OUTLET PROTECTION: 
 
The proposed box culverts and the roadway include a current 100-year floodplain and 
velocity less than 1.21 ft/s.  Therefore, no riprap protection is required for this project. 
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